Introduction
Pure and doped barium stannate as well as its solid solutions (e.g. BaTi 1-x Sn x O 3 ) have found important applications in materials science and technology due to their dielectric properties, semiconducting behaviours and high thermal stability. Because of these characteristic properties, BaSnO 3 based ceramics are becoming more and more important in material technology. It can be used to prepare thermally stable capacitors and to fabricate ceramic boundary layer capacitors [1, 2, 3, 4, 5, 6, 7, 8] . Moreover, barium stannate can be also used as a functional material for semiconductor gas sensors [9, 10, 11, 12, 13, 14, 15] and photocatalytic applications [16, 17, 18] . In general, compacts on the basis of BaSnO 3 reveal only a moderate densification behaviour [2, 19, 20, 21, 22, 23, 24, 25] . Piercy [26] obtained dense BaSnO 3 ceramic bodies at sintering temperatures above 1700 °C. Therefore, such ceramic bodies need high sintering temperatures or very long soaking times [7, 27] . In order to produce capacitor components based on BaSnO 3 , dense (almost pore free) material bodies are required, because pores would act as sink to the electrical charge carriers and would be the source of poor grain-to-grain connectivity and significant dielectric loss [23, 24, 28, 29, 30, 31, 32] . BaGeO 3 can be also used as a sintering aid to drastically reduce the sintering temperature to produce dense ceramic bodies as reported for BaTiO 3 -based ceramics [35, 36, 37] . The influence and effect of the additive BaGeO 3 on the sintering behaviour and microstructure of BaSnO 3 ceramics or ceramic systems based on BaSnO 3 has not
been investigated yet.
The aim of this work is to study the effect of BaGeO 3 on the sintering properties and microstructure of BaSnO 3 compacts. Furthermore, the formation of solid solutions and the phase evolution in the system BaSnO 3 −BaGeO 3 is also investigated.
Experimental

Material preparation
BaSn For the shrinkage and sintering behaviour the calcined powders were milled with ZrO 2balls and propan-2-ol in a PVC container for 2 h (m powder :m balls = 1:4). After filtering and drying the powders were mixed with 5 mass% of a saturated aqueous solution of polyvinyl alcohol (PVA) as a pressing aid. Then the powders were pressed to pellets with a green density of about 3.4−3.6 g/cm 3 . [38] .
Analytical methods
The specific surface area was determined using nitrogen three-point BET (Nova 1000, Quantachrome Corporation). The equivalent BET particle diameter was calculated according to the equation given in ref. [39] assuming the powder particles were spherical or cubic in shape. Scanning electron microscope images and energy dispersive X-ray analyses (EDX) were recorded with a Philips XL30 ESEM (Environmental Scanning Electron Microscope) and an attached energy dispersive X-ray spectrometer from Edax. Transmission electron microscope images were recorded with a Jeol JEM 2100F. pseudowollastonite-type structure [40] and orthorhombic (β)-BaGeO 3 (high-temperature form) crystallises in a pyroxene-type structure [41] . The phase transition between these modifications appears at about 1200 °C [42] . At 50 mol% BaGeO 3 we obtain both the orthorhombic BaGeO 3 phase and traces of the hexagonal one. The fraction of the hexagonal phase raises with increasing BaGeO 3 content. Fig. 2 shows IR spectra of calcined powders with 1 and 15 mol% BaGeO 3 , exemplarily. The peak around 1420 cm -1 suggests very small traces of BaCO 3 [43] .
Results and discussion
The above described calcined powders were the basic powders for all further investigations. After pelleting of the these powders, sintering at 1150 °C for 10 h and cooling down (10 K/min) to room temperature, ceramics with a BaGeO 3 content ≥ 50 mol% show besides the BaSnO 3 phase only reflections of hexagonal BaGeO 3 (Fig. 3 ).
In contrast, samples with less than 50 mol% BaGeO 3 reveal the pattern of orthorhombic DTA investigations of pure BaGeO 3 indicated a melting point of 1290 ± 5 °C ( Fig. 4) and a hexagonal orthorhombic phase transition temperature of 1190 ± 5 °C (not shown in Fig. 4 ) in good agreement with earlier data [42, 44] . BaSnO 3 has a very high melting point, which could not be determined by us. However, Wagner and Binder [45] reported a melting temperature of 2057 °C. DTA measurements of BaSn 1-x /Ge x O 3 samples with various BaGeO 3 contents (x ≥ 0.1) reveal a melting temperature at about 1270 ± 5 °C ( Fig. 4) . Samples with a BaGeO 3 concentration below 10 mol% do not show any melting peak.
Shrinkage and sintering behaviour
Four different preceramic powders were used for these investigations. Powders with BaGeO 3 contents of 1 mol% (1), 2 mol% (2), 5 mol% (5), and 15 mol% (15) were obtained after calcination at 1150 °C for 2 h (heating rate 10 K/min), as described above. The specific surface areas and the equivalent BET particle diameters of these powders are given in Tab. 1. It can be seen that an increasing BaGeO 3 content causes a decreasing specific surface area and thus a raising BET particle diameter, which can be considered as an average size of the primary particles [46] . Fig. 5 shows the cubic-and cuboid-like morphology of powder 1. The particles of this powder are strong agglomerated (Fig. 5b) . The theoretical bulk densities of the resulting ceramic bodies were calculated as 7.22 g/cm 3 (1), 7.19 g/cm 3 (2), 7.12 g/cm 3 (5), and 6.85 g/cm 3 (15) [47].
The shrinkage behaviour of green bodies of 1, 5, and 15 are depicted in Fig. 6 The isothermal sintering clearly shows, that dense ceramic bodies can be obtained at sintering temperatures below the formation of the liquid phase (< 1270 °C). This indicated that the formation of a liquid phase is not essential for densification of the investigated ceramic bodies. Therefore, the additive BaGeO 3 does not affect primarily as a liquid phase former, but it improves the sintering behaviour by sliding processes (viscous flow). The isothermal part clearly shows that the isothermal shrinkage process is divided into two sections representing two different shrinkage mechanisms. [35, 50] . The first segment of the isothermal curves has a slope according to a shrinkage exponent of about m = 2 indicating viscous flow as the major shrinkage mechanism. The second segment 
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